ABSTRACT: A total of 32 drugs were evaluated as regards their efficacy for oral treatment of Ichthyobodo necator infestation of rainbow trout. In preliminary trials, all drugs were supplied to infected fish at 40 g per kg of feed for 10 d. The majority of the drugs tested (1,3-di-6-quinolylurea, aminosidine. arnproliurn, benznidazole, bithionol, chloroquine, diethylcarbamazine, dimetridazole, dirninazene aceturate, febantel, flubendazole, ketoconazole, levarnisole, mebendazole, netobimin, niclosarnide, niridazole, nitroscanate, nitroxynil, oxibendazole, parbendazole, piperazine, praziquantel, ronidazole, sulphaquinoxaline, tetrarnisole, thiophanate, toltrazuril and trichlorfon) were ineffective. Metronidazole and secnidazole were 100 % effective (unlike the other nitroimidazoles tested, namely dimetridazole, benznidazole and ronidazole). The non-carbamate benzimidazole triclabendazole was likewise 100% effective.
INTRODUCTION
One of the chief causes of mortality anlong intensively farmed fish is infestation with ectoparasites such as the flagellate Ichthyobodo necator. Ichthyobodosis is probably the most frequent external flagellate parasitosis among farmed fish, notably in young salmonids including rainbow trout. Heavily infected fish suffer high mortalities over a very short period due to rapid multiplication of the parasite and associated damage to the external epithelium. The most conspicuous early symptoms are excessive secretion of mucus and greyish white slime on the skin, while longer-term infestation may lead to extensive epidermal erosion and ulcer formation (Ghittino 1985 , Stoskopf 1993 .
In recent years, there has been little progress in the pharmacological treatment of ichthyobodosis, and only a small number of drugs have been shown to have anti-Ichthyobodo activity. In previous studies, we have screened a series of drugs for anti-Ichthyobodo efficacy in bath treatment. Of the 40 drugs tested, the only one that proved 100% effective was bithionol at 25 rng 1-', administered for 3 h daily on 2 consecutive days (Tojo 1993 , Tojo et al. 1994a .
There have been a number of reports of the efficacy of oral pharmacological treatments against ectoparasitoses. For example, malachite green in feed is highly effective for the treatment of the cutaneous ectoparasite Ichthyophthirius multifiliis in ornamental fish (Schmahl et al. 1992) , and is easily administered in this form. Orally adnlinistered diflubenzuron has proved effective against infections of Salmo salar by the copepod Lepeophtherius salmonis ('salmon lice') (Wallace et al. 1997) . Ivermectin is likewise widely used as an anti-lice treatment in Atlantic salmon farms, and its derivatives also show such activity (Kerry & Smith 1997) .
Here, we report a screening study of possible oral pharmacological treatments of ichthyobodosis in rainbow trout. A total of 32 drugs were tested at high dosages (40 g per kg of feed, for 10 d cycle) were identical to those during the acclimatiza-(weighing 16 g at the start of the experiments) were tion period. The treated fish received feed containing obtained from a local fish farm (Piscifactonas Corufie-40 g per kg of drug for 10 d. In all cases feed was supsas S.A., Carballo, A Coruna, Spain) and acclimatized plied at 2% of total body weight per day. Throughout for at least 36 h before assay in a 350 1 tank with aerathe assay period the fish were monitored regularly to tion and continuous flow of water (15 * 3"C, pH 6.5 + ensure that they were eating the food, and to check for 0.5) from a nearby spring. The natural light-dark cycle signs of toxicity. Twenty-four hours after the end of the was simulated (14-16 h light:8-l0 h dark). Fish were assay (i.e. 11 d after the start), intensity of infestation of fed daily with a con~rnerciai feed.
all fish was determined as above. Drugs found to be Infestation. At least 50% of the fish used in each effective at the screening dosage were subsequently assay showed high-intensity infestation by Ichthyotested at lower dosages and/or duration (see 'Results'). bodo necator (Henneguy 1883) , in some cases as a result of natural infestations contracted on the fish farm, in other cases following experimental infesta-RESULTS tion. Parasite-free fish were experimentally infested by holding them for 15 to 20 d in a 350 1 tank that also conOf the 32 drugs tested, 29 were not effective (i.e. did tained fish showing high-intensity infestation (40 unnot completely eliminate infection); the results for these infected fish to 20 infected fish). Twenty fish were then sampled at random for Table 1 . Drugs used in the present study, showing manufacturer, brand determination of infestation intensity (see below). Since infestation intensity was in all cases high in less than 10 of the 20 fish, the experimental infestation period was extended by 7 d, after which time infestation intensity was determined again. This proved sufficient to achieve highintensity infestation in at least 50% of fish.
Determination of infestation intensity. Fish were anaesthetized by bathing in MS-222 (Sandoz; 0.05 g 1-') until respiration became weak. A mucus sample was then taken by gently scraping the body surface. The sample was mixed with 3 drops of water on a slide, coverslipped and examined with a light microscope ( 4 0 0~) .
Infestation intensity was recorded on a 5-point scale, after examination of a sample area of 24 X 32 mm, as follows: 'zero' (-), Ichthyobodo necator not detected in the sample; 'minimal' (+/-), only 1 individual of I, necator detected in the sample; 'low' (+), more than 1 individual of I. necator detected in the sample, the average number per microscope field being less than 10; 'moderate' (++), average number of individuals per microscope field 10 to 50; 'high' (+++), average number of individuals per microscope field more than 50. name and form of presentation. p.p.: pure product w N e secnidazole was effective at 20 g per kg feed for 2 d, are listed in Table 3 ; both eliminated infection in all 20 and triclabendazole at 40 g per kg feed for 5 d (Table 3) . fish included in each assay. Metronidazole was effective None of the 3 effective drugs had evident toxic effects. 
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DISCUSSION
None of the 32 drugs tested showed evidence of toxicity to rainbow trout at the dosages used. Of the 32 drugs, 14 have been tested previously for efficacy against ichthyobodosis in bath treatment, while the remaining 18 have not been assayed previously against Ichthyobodo necator (though they have been assayed against other internal or external fish parasitoses). The 18 drugs not tested to date are diethylcarbamazine, dimetridazole, febantel, flubendazole, levamisole, mebendazole, netobimin, nitroscanate, nitroxynil, oxibendazole, parbendazole, piperazine, praziquantel, ronidazole, secnidazole, tetramisole, thiophanate and triclabendazole.
3 f these 18 drugs, the oniy ones to show anti-lchthyobodo activity in the present study were secnidazole and triclabendazole. Secnidazole was 100% effective at dosages as low as 20 g per kg of feed for 2 d , and triclabendazole at dosages as low as 40 g per k g of feed for 5 d. Both drugs have been tested previously against protozoan parasites of fish, and have been assayed by us in a study of possible oral pharmacological treatments of Hexamita salmonis infection of rainbow trout (Tojo & Santamarina 1998) . In this latter study, secnidazole was 100 % effective at doses as low as 2 g per kg of feed for 2 d; triclabendazole was very nearly 100% effective at the screening dosage (40 g per kg of feed for 10 d ) , a single parasite being detected in the intestine of one of the 20 fish included in the assay. The greater activity of secnidazole may be related to the fact that this drug has a longer half-life than other nitroimidazoles (Dupouy Camet 1994) .
Triclabendazole is known to have anthelmintic activity, and is used as a n anthelmintic in livestock; the results of the present study, indicating that it also shows antiprotozoal activity, require confirmation. Other drugs, such as albendazole, show both anthelmintic a n d antiprotozoal activity (Tojo & Santamarina 1998) .
The present results also indicate that metronidazole is 100% effective against Ichthyobodo necator, although only at the screening dosage (40 g per kg of feed for 10 d). In our previous study of effectiveness against Hexamita salmonis (Tojo & Santamarina 1998) , metronidazole was effective at doses as low as 5 g per k g of feed for 2 d (again lower activity than secnidazole). Another previous study found that bath treatment of Octopus bimaculoides with metronidazole (200 m g 1-' for 4 d ) was not sufficient to eliminate I. necator infection (Forsyte et al. 1991) .
In our previous study of possible bath treatments (Tojo et al. 1994c) , neither trichlorfon and niridazole (200 m g 1-' for 3 h) nor niclosamide ( 3 mg 1-' for 3 h) were effective against Ichthyobodo necator. These drugs were likewise ineffective in the present study.
Neither in this study nor in previous studies have we observed signs of toxicity of any of these drugs.
We have previously screened amprolium, chloroquine, ketoconazole, sulphaquinoxaline and toltrazuril (in all cases at 200 mg 1-'), together with 1,3-di-6-quinolylurea and diminazene aceturate (in both cases at 100 mg 1-') and bithionol (at 35 m g I-'), for efficacy in bath treatment (3 h) against Ichthyobodo necator (Tojo et al. 199413) . The only drug which was effective was bithionol (25 m g 1-' for 3 h on 2 consecutive days). In the present study, however, neither bithionol nor any of these drugs was effective. Note also that none of these drugs showed toxic effects in the present study, despite our previous finding (Tojo et al. 1994b ) that both bithionol at 35 mg 1-' and dminazene aceturate at 100 mg 1-I have toxic, and in some cases lethal, effects.
In conclusion, most of drugs tested in the present study are clearly of no value for oral-route treatment of ichthyobodosis in rainbow trout, given that the screening dosage was already very high. The only drugs which were effective were metronidazole, secnidazole and triclabendazole. In all 3 cases, however, the required dose was too high to be economically viable, except possibly in situations in which bath treatment is not possible. 
